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(54) OPTICALTRANSMITTER, SOUD-STATE LASER having a good focusslr^ generated in the laser 
APPARATUS, AND LASER MACHINING oscillator 10 is emitted Irom the optical fber 9 

EQUIPMENT HAVING THESE maintaining te focussing. 



(57) Abstract COPYRIGHT: (C)1996,JPO 

PURPOSE: To perform transmission maintaining 
focussing of an incident beam by setting the focal 
distance and the position of a condensing tens so that 
there may be a minimum condensing point in the vicinity 
of the incident end surface of a fiber, and that Its 
diameter may be within a specific range. 

CONSTITUTION: In this opticattransmitter. the focal 
distance and position of a cond&ising lois 8 are set so 
Hiat Hiere may be a minimum cortdenslng part for a laser 
beam 70 on the incident end surface of an optical fiber 
9 or in its vicinity, and that its diameter may satisfy 

0.5O8^a)in^Os where <3)8=(<3)c<Do&theta:(2noAn)-^^)^^. 
Here, <s>^, no, and An represent the core diameter of the 
optical fiber 9. a refractive index at the core center, 
and the difference between the relraclive indexes of the 
core and the clad resp^:4ively. And and θ 
represent the beam waist diameter and the opening angle 
of a laser beam 70 generated from a laser oscOlator 10 
respectively. Consequently, it becomes possible to 
transmit a laser beam maintaining Its focusing inside 
the optical fiber 9. As a result, the laser beam 70 
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(2) 

1 

0. 5<f>, ^01.^1. 5i^. 10 

= («. «o 0 (2no An) -'^n 
tSc-aJz-S^a^t^r-l" /\*Ait^^ t if 3t 

7 T -r /N'reM-r •sjtesse. 

m. 

Itg*<?ie7T-f A037g*c J;Ot)/hS<, *0<i>. 

t-rsw^JH 1 6si*3S 3 ©5 ^ ®vjTn*» 1 JBiB« 

eSA^Jt^T-f AO^TS*. <fcO'b/h$<. 

-f A tr jfiS§* IxTSB Lfc C t *<#a if -Bii 

[»*JS9] Jt^Tl-A-roU— tfJtAlt^S-ewU- 
r -f A*XW?t#?S®ffiS*»®)$-a:^i^$!i?a* 

ii-r «>s*^ 1 8 © 5-6® t»-rn*u ^ 

iB«®^eSI^B. Paten, provided by Sughm^l. 



i|$iB^8- 1 6 7 7 5 4 

2 

[ffif^^ioi 3t7 3"fyW6®mitlf-A*ffhiH-r 

fi:B$»iiis-B-5»S!)¥as:^e.jc<iA. Mstaitt;- 

r:^'«B*> 6 ®ffl A * *> t fctJEje^ r -f AAlt^ 

8 ® 5 ot^rn*^ 1 JSiei{®3te2iSB. 

ailtbf-AtniS'ilBtt/t"?— fe>1}- 
»c±r)«lfl6$n. JK^r-f A® Alt^ffiiSeC7A-5^ 

r*SBU. WiHA"?-- fe>"y-rlt»$n5l— •^f^f- 
A ® a * S J; ^ tc 7 r -I- AAI* Jt^* 

•r -5 d t '^rnkt-r^mum i o ffi«®3i£e2i«fi. 
- KTW^Ksti. m^y* v^-ct- H®ai**»s/h«c 

fSS^^l Ot2«®5teiill^B. 

[^*3Si3] taMtf-A^:n4'gB«. Jt7 7'fA• 
®a^i^«!IcKBlxfcT>'■^-^■v twsTA-g^ Y sffiis 

b & V — !f tf- A &|fe«]-r -5 A "7 — fe >-y-tr J: 0 «?S3 
S:*: tc J^j 1. * 3 7 r -f A A«>t^» «SH4-r 5 ^ 1 1£ 

^it^r-i-AOAI+iSffiJcm^b. MIB^t^r-f A'-re 

-i nt-^ 3 n, s e. \zmm.y 7 -i nxm%^% t 

MI33t7 T -f A*® AMaffi®H-^r *fc«M;5®aB?£^ 
t9i2)t7 T -f /N'® AW«gM®n-:5*fc:ap:&®fiB^^ 

B. 

[IS*3115] lf*^l*>6i«*JSl 4®5^®Vi-r 

tii)^ 1 :ai2«®jteits^B t . ytmi)^ ^oStft-s nt^tft-n 

t> 5 9- U >X t ®ffl*-&to1i-p«l^$ns«^ 

filtS5 7-ttfrtB*3t^>Xt^£iJIS^- 
1f*^S®3Kia^rl«r|lC#l!iS-B-.5gH))^StStiA, St 

d tic J: 0 S9Eit7 y -f /t®A««HlcAI*Sn^. U- 
if A® tf-AfigSISffif * t *!^afr<5Hfr 
IfgB, 

lf-A®A'7-®:^^3S:ffffl|-r'5ttlltfcf-Atn^i? 
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(3) 

3 

om-ru-if Pirns t. rp— if*iisi*9ce*>nfc7 

B*SH(r-r 5 J: i t J; D MI3 tf^t®/■«'7-«Sli[J■r 
^GiaiSB^11A&Hft:W— ygBJCiJtiT. MfB3t7 

ttjia@#:fNTtt, ttne^sits^- 
tsaiam* 5 7-racp*'C^Jafi?^cEBsn/^:^>*)l^)•5^ 

0. 50. ^01.^1. 5<t>, 40 

<t>. = (*c 4>o e (2no An) -^'^) ^'^ ±50% 
t /a -5 J; 5 7 r -Y A-Xit3t#«*ii;S.T l» -5 C t 

— tf!iist;*o. 5t*5s±-r5@«c^^'i:. ffifiai^— If 

»± Ufc^t* k— tf3t t UTSl 0 m-r I/— »f 
SSt. S9IHU-1f3t&e3|-r-5^7r'fntA^^*K-5 

7rf A-tt. . ^y^•^^-mmM^h.•S^rJ^<^. 



!|#PBT8-1 67 7 54 

*»6WtOWSnfcl'— If^tt. x«lyW2 0©;5|SlTjB 

, . 26, flt(l2l^— !f^**t5E3t7T'f A*® 

xit«ffi±a&-5v»tt-?-®:r<ja«5tx$fl:!&i6], ytt:5[6i 
©as*... , <*>!., **-?-n-6n 

0. 5<^>i^((>lii ^1. 5*11. 0. 5({>>i^4>lar 

(*, 0. (2no An) -''^) 
(*< (2no An) -^'^ 

-rsa^^w—if^B, 

mim 2 1] e i9:^t ^ txfc jt-rias $ nx 

— tfflSHtJSO. 3eS:5gS-rs@«:«Ti:. StlEU— if 

IKS** ess* ixfcit* t'— tf3t t UTSt 0 a-r u— tf* 

ISigi:. iitEU— If^^^eiif S3t7r-1'A':d^e,^S?t 
eMSB*«;lfcS**:W— If^BtcfetiT. 8trg>t7T 

f 'C>i:n7^SeS®®Jf^^*^An®i;'U-x-;/ H-T > 

7^yi';^?t7r'f A'*>e«*s$n. tatas^^^^tt. n 

S*» 6» D msn^MEU— »f3t*«x(ftytt® 2 o©* 

|BlT?m3ti^ffi®S;a:SS:!?14SJtoT*3D. x$fl:^|ply 

ifi:&i6]®-tn-?nic*3iiT, 63isu-if?t®t'-A':7x 

-fXH®itS***o.. *o,. ilSBU-^f3t®lf-AH# 
•fe. 0. t*o,0, ®:*:#!a::;&®tft®ai}IHg/jNm3t 

;Si-e©itg(()..*t 

0. 5<t>s ^4>i.^l. 5*s 

<t>s = (*. (2no n) ->/») ' ^ ' 

*o 0= MAX (00. <{). . *0r 0> ) 

i: •& J: 5 7 r -f AAit^e^^Jg Sfll^T t» 5 ^ t 

nAu aE«®^eMgB. 5*^e.a« 

3S2 l©5%©^»fn*>l]SiB«®H«i:U— tf^Bt, 
gUteJt fej^ SB * «SttlE@#: l/-- tf SB*^ ffllt^ n 
fcU— »f3t£m3fr-5m3fc3t^«i:*^e)«j«Sn. saiE 
m3t3t^»"C«3tSnfcfl9IBU-1f3t&ttlnm»lz8Bit 
U, U— tfllDXSff?&:5;it«i|*fSt-r*U— !fiinx& 

i^LLC - http://www.8ughrue.com 
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m^m2 3] mj^mif)^i^m:^mi 4<D3^<D\,^r 

[0 0 0 1] 
[0 0 0 2] 

m3 5\ts if$ii¥2-5 5 1 5 

w-if^s§gi oi!)^(bnmzmK>m^tifzv~^\d- 

[0 0 0 3] :^\zmmz'z>\,^rmm'r^o m\z:^^^x. 
u-if%m^i oi!)^^mom^tirzu-^\^-A7 o\t 
myt u >x 8 (Ccfc -3 T^:7 T -f /N* 9 0 (oxmmm^m^ 

0 1, A'3}^;i.:$^i 0 2<DM-;ar. feU<«r^^rtj: 

5K7r^A9 0®AI*SH<O*.L>{cm3t$n-5ct:5«cffi 

[0 0 0 4] -mzm^ys.<. mx\m^uy.^<Dm^ 
yttBim^n^\z\t. ^yr^/^^^o^oxmne 

in\t. 0.a<sin-^ (NA) -vtsiiftwifsi^ui^^ ::z. 

L\.rzh^\Z (na^-niO TS$n-5o :)t 
7r^yK9 0$:^M^Tl^~1ftf-A^fe2l'r'5t. -jg 

A*)^> e> 31 0 tfj-r i^i?) \z\t. ^yr^ z^fi^ ^ © u-if tf- 
[0 0 0 5] cci-e. iz-iftf-AcDm^it^^fffi® 

c:::Tttx:?^;w^-^^8 6. 5% (TJ^Ct^-^l-e 

Moo. ■r;a:t)'&:^;':7s^T>f-A 



6 



5, rtfC/S^T^bf-ACDtf-A^^x-f;^ h^ffSwo 

[0 0 0 6] 
[ftl] 

e^o = tan 



i—V 



[0 0 0 7] ftf£V. AttU— tftf-ACDiRfi. nfS® 

10 n = ia:gl<iT, do =X/KQ>ii =2A/7i:0 

0 f3.^^ <t>o =2 0)0 tftf-A'^jc^;^ 

[0 0 0 8] ^fz. l^— tftf-Aco^^tt^^-rffigih 

"513, A'^^x-rx hitg^o , t:-AcD§B 

2 0Ofcf-A (Sl^) COM2 I^DJg 

(^^) 2 00 tC^f-r^itTS^n-So T?^:b'^, 

AMhtzt^. Kfc*-A(Dm^^Tf(Z>tf-Ag, r/SitD 
•^lf-A>>x-f XhStt:*f'^Xfcf-A(0M2 fg^/Sr-So 

t:-AT^^o Cin(i:«i£(C, :tf«^Xtr-Aa:H-AM 

^^;0t^bVi^'&^^tf-A»:7x<X hg75«M2 

*;rc. :^f»>^Xlf~A(Z)MfgOtf-A':7x-rXhg€: 
;^^o 0=M2 00 ^00 <D^^\ZRXVXM' \Z^l^ 

30 xM<t. w =K(t>o e/2xt,u^. ^x\z. i^i; 
BB €r ^1 ^ «fcf — A x-f X h it=g<z)/h$ Vi:;^;&t 

M2 ffl7&t/jN$<, ^^tto^Vih*-A, ^^►'5(.ifr^S^JcO-B' 

[0 0 0 9] 03 7«ia3 5<hl^«(Ci|$^¥2-5 5 1 
5 7^^^(C^$nfc3t:7T-<A'\CDAItft0iD^tait 

Stt^d^— ^ offl $:^-rx :/-f !y ^ X :7 7 A* 
\z^\i^xWLK>tLz>^(OXi>^^ c:o07&^€>M^55>;5:<fc5 

40 H, mmtt(Z)^Viffiltt:-A)&t#e>n'5;&t, 6ffi;^i^e8 

af*<D%fejg^eT«S^;g[^^(7)l/>X-CAItft2 0 
I - 8 S£i^T<i:;^'5 J: ^ \z bT V^^, 
[0 0 10] 

^(ri^o\zm^'^nx\^^^(r>x. mit^lcoK^Uct ovi 
< 6^*i4o[)<i:iiU— !f fcf-A$AI*UTt>^:7 7-rA* 

}5^^Uit$nst:-Ao»mtt»c«is»*^«s^ii^^ 

mf^^-otzo fm^^AL^i^tzmzyy^ n(Dzi7m(D 
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7 

i91Sa>S:J:i9 0. 4mmCDn7g<3!)7r-f 

mit$n^t:-A<DM2 ^B^iS/J^Tt)3o@s. o. e 
[0 0 11] $e>ic, s£5fecD^e2i^eT«x^^>7^^ 

>X!y^X>^r-f A*$fflV^fc«'&fc. ^*<4cDiSi'^mit 
H:/^;/^J p66 -pe? , rt-Att, 1982T(Z)fB«t;:^^» 

±i2XSl{, u—^^^m rk— tf-A>H:/^y^J p66 
-pG? 1982) <7>fB«{C:feViTtt. 

[0 0 12] :i(D^mt. ±m(D^ofsinm^m^r^ 

7 n^m v^T Ait If -z. commtto v^jv^mt^^^ 
^z,tu<. #t5J*T^»ir«#L.Te3l'rse:i:(D-c 

[0 0 13] AMu-iffc:-A(o«^ 

[0 0 14] '^ib\Z^<Omn\t. ttlltU—tftf~A(Dm 

[0 0 15] ^^\zz.<D^mt. «s$nfcu-iftf- 
7 ^ n^m^n^^^mmr^ ^^<^%tm^ii(^^mr 
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[0 0 16] $6>(CC<7)%§g«. ^^$nfcl/-lftf- 

v^)v^^B\zmmr^ ZL tf)^Tt^m^ 
[0 0 17] '$^\z:i<D^m\t. ^mttcDi//^;i.ofiUi 

10 [0018] 

<OSgdt(f)o . iJfBV'-1f3tOE-AI8^ft:f2it2 i9T^ 
i[|2l^-if^;0^SaiB5t>'T^/N'<DAitS8S±^;rc 

r ^ n<Dxt^mmm\zm^%%m:^'^. 

^ 0. 50, ^<j>la^l. 50, 

0, = («c 00 e (2 no An) "^^O 1/2 
<h?^^<t'5;^Cjt:7r'rAAItJt^^<i:^ii;^T:fet), m 

[0 0 19] m^-^2%m.(DmA\z^^%^mmm^. 

[0 0 2 0] K*:^3ia«(D^e5ilSg«> tf3tC0 

30 "^^^ki^x^tmxz. Mia u-if^t commit Tc / 

A<Dfi|j^n 0 OJKTa:3fe^<t'5JCS:^U)tt>(OT«^o 
[0 0 2 1] if*JS4iB«c7>^§gic:^^3te3ilSa«. 
^K^r-f A(Z)AI*«gMjS»tc. mu^(h^Wfi%yy< 

[0 0 2 2] m^m.^w^o^m^\z%^%^^^m^. 
40 ^yr^n(Dm%iimi&m\z. mnm(K>um^^y7^ 

^^-t^rn-^^^m^. ity7-^n(Dmmi^m\zi^ 
»^K^\i-lxfA^'7y v^mzmm'^ti^(o^z.(07n 
TfBfiJt bSIt lf-AcOj^»<&g/iNPSfC h^ib^^ 

[0 0 2 3] m:gtm^fm<o^m\z%^%^m&n\t. 
%y7^nxM^^mt^%\^>x^^vx^y). 
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9 

CO 0 2 4] Bf«JS7iB«W%?g»C«S3tejillBtt« 

A jt«8®T<D U-1f 3t® t;- AitgS^S CiSSE-r 
[0 0 2 5] tt*JS8e«®S!ig(::«S3tejai^SJ±. 

y i7 X u >x;a: e. mz^-y r /\*© AitfflffiMia'^ros 

[0 0 2 6] iS«JH9i2S®56igfC^g53teitlilMtt, 

r-f AoASts8ffiT©u— y^tsffjanrsAittf- 

^^^i^m^WL^^x. Aittf-At:^:5'gg*^e.©a 
:^*'bt»c3fc:7T'fMAIt3t^»©«:e*iSllSE-rs. A 

-A(iig. b'-AitgS^rr.^' L. cn^A^Siit:^^ 

<fc 3 {c*?t >x®fiM*«jt w >x«n(i¥atc± 0 tt 

CO 0 2 7] m-^m,! o^«©%?gic«^5^fesiKe 
tt, 3t7T'rA*^emit3nsiiitttf-Ai£n-ai-r-5ffl 

itt-Atr::5'«ll, RlXJt^r'f /tAjt^t^SO^tS 

aMb;-A^r:3'^BfCJ:»33t7r'ifA*»6ffllt5? 
nfc tf - A ©^3t#tt*^^ffi t i^t J; 5 »cm3t u >x© 

CO 0 2 8] liB«©56i«Jc«53KeSISgT? 

n, jt7r'rA©Ait^®jfi®Jc7/'«-5'-\'«i8Bb. 

;^S^5lC7r-l'nAI*)t^?S€r#S!if 5. A"?-- fe> 
•y-Ci;Offi«tr-A«:tn^L., «!J;t«Aitfi!Hc|9:@ U 
fc7/1-5^-V i:iffl*^to-&Taitlf-A/'^'7-*»g:*:t 
J: ^ U >X©<aB^*lffll$-ar-5 t)©-C*5. 

[0 0 2 9] if*:Bi 2mmn^m\z^^yt{Rm&m-c 

fi. tmtlf-A*:z^SBtt. 3t7r-f A*©tiiWfi!l©Jt 
«l*^&-rnfc*iB»CgSHBbfc7* h^^-f ^-Ht?«dK* 
n. h5'-1':t-K©Hl***^/JMc;a:SJ;'5t7T'f 

A-Ait5t^*S^!K.S1tS fe«>-P»ftt,n. provwed by Sughr 
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[0 0 3 0] m^mi 3smo>^mi:im^ifttRmmm-c 

tt. Hli+e-A*r.^^B«, 3t7 7'fA*©tBI*ffl9lrS 
B A-5^-V 1 9(lg27/t-5".^ SaiS Lfc tf t 

-A^^fttt-r-sAr?-- fe>-y-»cJ:D«!j«$n, ta-? 

•V ^aigf?) !f t-A©A'7-*«S::*:»C7a:-5 .fc'JC 

[0 0 3 1] R^^i 4fzm<r>9imt^^^tRmmm 

it. u—^^msst, mtvyxiL. mtv>x-^^^ 

Sn;5:W— tf5t?£3t7 7"f A-©AW^®C«5tL-. %7 

10 r^n-^^mr^^yr-inx%i^^^^mt^±BSk 

»BK:*V»T, ^fc7r-f ASyw-x-;/ H-f VT^yi^X 
Jt^r-f A-t?«|JB^U, ^^t'iJt^r'f AA#t3t#3^t3fc 
7 r 'f A'©AI*«8S©H-;^*;tttP;&©ficBS»t!i$-e- 
Si^K^a^fllA. 3t7r-rAAit3fc#»tgaE3fc7r 

'f A© A8+^ffi©M-;&*ifc[ip;^©GcBS'igHi5-a-5 d 

14*ffilW-r-5t)©T?*«.. -eUT, A^tk>X, 3t7r 

-f AitssH©>v*t) L < \m:^<o&m^m.mis.mm 

B*^ea:Slc-r6.-r d tfcj; r-f A©ffli^li-A 

a? ©^«fttSrttiticaE'(b-r-5fc©-e*s. 

[0 0 3 2] 81^:^1 5iE«®5!igC«5HffU— tfil 

B«. r©^§gtc«SS?te3@lilBt, 3tM*>^S3t3n 

9- 1 w >x t ©ffl*^t3-arT«fSs 

©M-;5*fc«M:^S:^i!|-r-5 n t fci r -f A©A 
50 ftSEtCAItSn.SU'— !ftf-A©t-AiSgS:i9gi5r 

- AS® S»o fc* * Jt 7 T -f A<£:rM,mgB'v »f 

3fc*fliit-rst)©-c*.5. 

[0 0 3 3] K^^si ee^w^Bjtft^H^^u— ifil 

BB. 5t7r-rAA>6tBlt$n-5ffiltl^-1ftf-A©A 
■7-©;fe#S Stfiffl-r5mitkf-A*n^KB&«^. 
tB« tf- A tr:^SB*» 5 ©m* * t> i IC 5 7- 
k>X©M-**fctt11**^®iU. tllWlf-A©««tt 
40 *«St)fi<?a:-5J;-5*JgSrt85©«te^3t^«©fiSS 
ffiIffll-r-5fc©-Cft-5. 

[0 0 3 41 m-»m \ 7E«©^?BiC»-5@«:l^— »fS 
Btt. c:©»§gCfii.6?teji^Bt, %m^<biSdtin 

A-5=- Y A-g^i" ©IB PSBWSSSliM-r SbSSB 

^WLtifi^mmiti. @«i:5ti^-«afiT«fc*©u-if 

iaeA:^'&-!£»-»o;fc**-c, 7A-5^-^©Kaitg 



—422— 



(7) 



11 

[0 0 3 5] m^mi 8i2«(Z)»ig(c«-5B#U'— ifS^ 

[0 0 3 6] m^mi ^ms.<D^m\z%^mi^v-^^ 

^ 3t :7 r < A* <!: ^ ;^ S3Ke5ifi11^iii^ Hft l-— !f 

*i-is,mzmm^nit\,^i:>yi>^nmm^m^mzmt^n. 

0. 5 <f), 1. 5 <f), 

(t>* = (0c 00 ^ (2no An) -^^2) 1/2 ±50% 

mm<Dz:< m.m\zmn^myt}^t:n'^^(Dm&ifi 

(0c 00 0 (2no An) -'/^ ±50% 

[0 0 3 7] m^^2 OI2«CD5!ggtC«^H#:l.^-tf^ 
A^zi7g0c , 3 7*/i:^-CCDS&f$dtno Tn7tt3^L> 
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1? 



±5 0 



±5 0 



b'—A'^x-rx hCDSg75«0o.. 0or. !f3Kcotf— 

^ ^'«oxst^m±&^mt'^<D:::<Tjtm\zxm:^i^. y 

0. 50..^0iB, 50, 0. 50.,^01oy 

^1. 50,, 

10 0,.= (0c 00. dt (2no An) '^^^) 
% 

0.F= (0c 00, (2no An) -^^^) 
% 

i^xMytiimf)m:^^^mmzM{^y7'i/mim^± 
. i^t vrmyti^mmw^nrzu-ifyf-A^ait'r^ 

[0 0 3 8] m^m2 iBm(D^m\z^^mi^u-ifm 

20 rzm^v-^mm\z^^^x. yt&mm^n(D^y7^n 

^n7S0c . 3 7*ii>TCDJB1ff*;&^no XuT^^bL 
^7^ffigSc7)S5f^M;5^An<Di5/U— H-r>xy^ 
X3fe:7r<AT. "^tzWii^m^^mmKor^^-t^^^y.^ 

^m^xm^r^. i^-^Pkmrn^^mK^m-^ntzu- 

^}toT:feOxffl::^fp)yW:6-f^CD'tni?n(C:fe^^T, u 

tfTtcotf— A'i7x-rx h(^ii:g;&«0o,, 00,. tf 

3K<0 tf-ABg€rft 75^*2 0. . 2 0, T*^^, !f3t 

fA^yy^ A*Ait^3p±^^ vi«-ecD < jg^sjcS/jNft 

*5fe^"eOitS0io7&^ 

0. 50, ^01.^1. 50, 

tztzX^. 

0, = (0c 00 e (2no An) -^^2) 1/2 ±50% 

00 0 = MAX (00,0, , 00, 0, ) 

;i S "5 ?S: 7 7 ^ AAIt3t^^ ^ti Arc <^T» D . 
[0 0 3 9] gf*^2 2iB«c^^0Jlc^'5^— tfinxs 

[0 0 4 0] m^mz 3l2«CO^§8(C«SU-1finXfi 



I 2 0(^;^|plTffi3t1$ft<^)^,^J^J^agi;n,^,o^^^ 
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[0 04 1] 

0. 7 0. 1 0 1. 1 0 2T^U/S:1S^S^«ig3 

1 0 i«^^u>X3^;i'i$^T«t)^#:5fn]'\^l!i 

if A 7 0 0>^n^Wt^^n%t(Dm& 0 1 « 
0. 5(^, ^0i.^l. 5<f>, 

<f>, = (<f)c <t>o 0 (2no An) -^^n 

Tt^i^o CldT. <f)c , no . ^n\X^n^nityr^ 

(OaSf^^-eftD. <f>o . 0«U-1f5!fiSl 0 36^65! 
^ Ufc U-if tf- A 7 0 (D bf ~ A x-f X hEg*5ctrX 

fil 1 (OJteiil&HTtt. U-if a®g 1 0 OU— !f ttJP 
U— »f H-A 7 0 (Z) tf-A «:7 x-Y Tshtl^db^hh 

1 0;;i^ettJlt$n;tU— »ftf~A7 Oli. ^>tk>X3t^ 

;i/^i 0 1 <D^mmmz^'Dxv—^\i-j^f)my 7^ 
nx^mmo^sb\z$km-^x.o\z. m^uyx^\z^ 

[0 0 4 3] 1^2 3t:7T'</N*F^'T?C0l/-iftf-A<Z> 
9|^TO^— lftf-A(^efllttS«, 0 2IC^-r<fc'5tC 
^ffiT^/jN^^^S^JtliPcfc-pClU—lftf-A? 0?5^^>t 

^nfc^-^. m2<Dwvmz7^'r^o\zmn^%^^\z^ 
A'9rt^e2i$n^o 

[0 0 4 4] S2(7)S±aiC^-r^'5fCS/hm>t 



1$M¥8- 1 6 7 7 5 4 
<*. ) . U-1ffcf-A7 0«367T-1'A9F«3T*r38 
ne>lcS:*L.> 0 2©tpg(c:^-rcJ:^{cS/h*3K^lc:fett 

3t:7 r ^ A 9 i^Tix— tf t^-Ag*^^^^:^£XYb'r^^: 

[0 0 4 5] yu-T^^y K^>5^!y^X3t:7T<A*^jW 
'STSft, ^B±, ifl^-^vY^yy'y^T.^yy-fn^ 

[0 0 4 6] ^Tc. :;fctB*7r-1'A-e2lTtt3t>^T-f A 

co®fst>^iitcAn^i£:>sd^$)0. ytyy-i/^p^izmyt 
^^m'D&mj^mx\tm&m/^y-^mzmmi^^^r^ 
:itt^^m^n^o &.±<D^m^r). iismmtti^-ifif 
-2x(D&m\z\tm 2 off^ajc^r u-if bf-Aoeaij^ 

[0 0 4 7]rji^. ri/-if— A>Hy^yiJ7j (pee- 
ps? , B^u-^^^m. :t-A^t) (cie«$nTsj; 

1ftf-A. ^Wr^<i:. TEMoo^-H(Z)U— !flf-A 
[0 0 4 8] inxtcffl^.^^::^tb:^l/— tf, 

^y7^/^&m^n^&m\t:iti^x\zm^t)^\zi^':>x 

[0 0 4 9] a^fJc:oiSm^bf-A3t>^r^A-e2lco 

lf-A'>x^XhSi:lf-AM#ft35i^^®<^, ©aiffiS; 

[0 0 5 0] fi-cm^S;&^^3S$nTV^^l/ 
-1flf-A&. TEMoo^— HOI/— 1flf— A<i:ll^tC 

i6x;*i;i/=^-;0^8 6. 5%ftff'bTl'i^S<&lf~ABg 
^bTlf»:&fT3« t:-ABB€rft0^figAi iiM^ ffl 
OM&tbT© (At , ) tmrt. S9^0J:3JC 
e (Ai , ) =W • a (Ai . 1) 

[0 0 5 1] — S?5:'5Sc:^(©2'::>(D:tf':7Atf-A^ 

0 (A2 , 1) = (A2 /Ai ) • 0 (Ai , 1) 
ti^'So C1CTA2 • Ai ti3<i:, 

0 (Ai , MM =a (A2 . 1) 
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15 

[©0 5 2] ±i2U;fej51H^£fflHT, mr^m^^ifi 

T*»). mX\mm^ ( roptical Electronics . 4th 
Edition j . A Yariv Saunders College Publishin 
g, harcourt Brace Jovanovich College Publishers , 
P42 , 1991) IC^SnT^J«J:3t, JiJf^SKTOJ: 

CO 0 5 3] 
[»2] 



8-167754 



16 



1x 



0 = «,(.-^.') 



if-Atai*-r«if-A©fis^&-en-ena. . q» t 

coo 6 1] 
Cft6] 

C0 0 6 2J T*S©T?. q. =q2 =- I («n<».» 
/M» A) tfil-iT. ft). ICaHTlW^. HT®<5?S^ 

COO 6 3] 
CS!C7] 

CO. 



[0 0 5 41 Cl^lT, n (r) ttnTtpiL^;^^^ r O&g 
TOJS^f^, no \tnr^st.r<Dmmm. k = 27rn/ 

\t 

[0 0 5 5] 
[ft3] 



[0 0 6 4] K-f >5^u/^X3t:7r-rA03 

[0 0 6 5] 

20 ms] 




co; 




^1 



[0 0 6 6] tfi^. K)^SCIC«ALT. 
[0 0 6 7] 

[$cg] 



[0 0 5 6] TS^ns. ;?f'i7Xti-A®feS«. q <>: 

v> 5 Its t ^liff 5tJlt J: TiBii-c** c t snr 

CO 0 5 7] 

9 /? mer 

[0 0 5 8] tSSnSo Cl©iC?&. WSB®i5«{?&«V» 

[00 59] 
CK5] 



50 



2 n^n&n J 



CO 0 6 8] i:;fS:5©-c, ite^v;i.g^^- H fcf-AI;:;^ 

fS*. =2a>. (4j*nS;-T7*3Eg3n*. 
Co 0 6 9] 
Cftl 0] 



^' ^ C "t'jt^Tn^tn J 



1_ 1 . 



CO 0 6 0] Lti^, ^U-x-;/ H-r >7^>;/i? 

-f A© Altaic JpffiSS Alt L. fflWSlS-CigUt-AS 
©¥BSifiAt#sn5*f|=i£*isi)n«J:^i. Jpffijg©®^ 
CtSR=oo. riitot, 1 /R= o;^g;s^, 



'SOj 



CO 0 7 0] «±J:D. T«mtt*taS$nT<r»« 

CO 0 7 1] mz. iifl&U-1fH-A©»*ft©}tgi 

Olcj;**, ©sa;s«ffl-rs, S9j^©J:5lc, tf-A 
•^x-fXhScf), . tf— AMff^ie tM^ fflWMlCtt, 
M« =w<<>o «/2 A©HfiB*tai<5. cn**. ©^JC 
IC^AfSt, 

CO 0 7 2] 

Cftl 1] 



Hon, PLLC - htlp://www.sughrue.com 
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[0 0 7 3] tU^. Z,n\Z^O. tf-A^7x-fXhS 

^ tf- A s ^ ft (c J: o xm^ttTOt^s $ nr ^ tf- A 

[0 0 7 4] ;iCT<f)3 (DWtnm^T^to mX\i. no 
= 1. 4 7 3, An = 0. 0 2 1 3 7g4 0 0 /xmO:5?^ 

d : YAGU— tftf-A (iKfiA=l. 0 6 4Mm)€: 
[0 0 7 5] I33[i, ifV-'fvV^yy'v^7.%y7 

^ft. m3 5\z7r:vit^^<Dyt&mm@(DmTStmvrz. 
1/— tftf-A7 o&r/^:7r-rA*9 o^ffl^^TAltftS 

^v-f^y'fv^T.yy^ /\*lr*t"r ^ Affll*1*tt<Z)ttW 

[0 0 7 6] ^^\Z. 0 3tC^-rjlKJ!g«T«, Altb- 5^? 
-A<DitS<f>ip>)«<i>. ±5096<^«IH (fiP^, 0. 5<i) 
, 5<i), ) T^iAitb'~Ac7)ft^ffi^** 

[0 0 7 7] ^fc. ±E|g^jg^J:l9U-1flf-A0^ 

X3t :7 r -f A*;&^ e (0 a fcf - A <Z)^«tt;&t J: V W5 (!: ta W 

oo t ^(om^mzvcm-t^ z. tf)^t>p^^rco 40 

[0 0 7 8] JKiCDJ:^^^. C:(D^JSOJ^SIl(C*3ViT 

tt, yr^nxm^m(oz:<]5.m\zmfhmt^^^^. 
^<DU%f^<t>* ±^Q%(Dvmt,u^^o\z%ytv>x 

vmtf^^^^ti^is.^'^\z. ^:7T-rA*9i^T**tt^« 

'tf^S8gT^^Snfc^ttc7)fil.>U--tftf'-A;5^^ 
* 7 T ^ A* 9 ^ ffl it $ n-s. 
[0 0 7 9] 75: IISSO?^S8cD3teMKB«, iJSU 
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18 

nB.m^'^mfs.m^^Tr^'T^o^^&^tl^. W <5 0, 
M*L<«M2 <4 0©v;i/^^-Htf-A{C^*UTl$ 

7r(f)o 0/A;^noO«T, <D'?^U<tt8 0 

[0 0 8 0] *fc. HSfiOJ^ffi l(7)3Ke3IKBTtt. V 
-^^m^l 0<7)U~1fmPjfi^(tl/-ift:-A7 OCO 

if-A'^x^xhTji^s^^iL.fc;^^ c:(^^f^;5^^«-rn 

l/'^XTS^fcL/^SKh^cOb-A'i^x^fJ^hSif)! ttf- 

f-Ar^x-rx hg^:bf-Affi*^icDa*ti^>x«^a 

^ffll^iT*, $^01^. <t> = 2 f ef)>iE>fs =fi <f), 

1 Oi^f-*-5S^, b:-AM#^l;&t«iatc:fc*<;^frtn 
I/— tf m P -Tfo tf- Aits ^ffl v^TffS: UT ^>SM« 
^^^l^iOT, ;^i$'P!5^'x-i$^<Dtf— Ag, f-AM#ft 

[0 0 8 1] ^fc, lliS<Z)?^fii 1 O^eiM^g-CH, m 

3ti^>X3j^;i/is^i 0 i<Dm^ti.xzm^m7sv—>^t 

[0 0 8 2] ^ (c. ^mcomm 1 (D^eii^STti, 
7r^A:^;v:$^i 0 2\zm&mm^mnxh&\,\ ^ 

m*l^>X8lc<t:0. l^-iftf-A 7 0^^:77^ 
9 © AI*^ffi±^}^cl^-?-<^jSfiSlCg/hm)fc;Sl^l$t3ct 

mtf3i^^o\zvr\^>rcf)^. Mytu>xs(D^t>r)\z. 

[0 0 8 3] mm(Dmm2, m4\t. z<D^m(D^m<D 

mm2\z^^^B^'M&m^^rmf^mx^^. laicisi^^ 
T, m 1 \z^rmm<Dmm 1 cD^teMSgomaj-e^^.^ 

mmf)H^ ^K^h±^<. yT^/^ziTmm<t>c jzd^ 

P*t>ii>)0«7r'rA'9©n7*'i>i:Jt«— 5t:7r-r 

j'<9<DAUiQm\zm^&:m\zmm^tix\^^^. u^. m 
x\mm^^mvx^^^fi^. m^u>x^)\^yio i}t 
mm(Di^mi(Dyt&m&m(om^^mm\z. yt96:^fi)^ 

[0 0 8 4] :*:«cBif^JcoViTK§g-rs. U-tf»S8g 

1 07&^^tmt$nfcb-A':7x'i'xhg(f)o , 
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[0 0 8 5] K±(0J;-5tC, il<D|gJfi0Jgffl2 tC^Sl^^T 
-.A*f I/-1f If- A0tH;^;!i«S^l> 

[0 0 8 6] mm<o^m3. ms\t. c(D^m(Dmm<D 
T, m 1 {c^-msscDf^fig 1 (Dyti^^mm<Dmmrm\^'^ 

[0 0 8 7] lafC^feV^T, I 2\mamm:^H> <i:K>h 

[0 0 8 8] i*:{ci(if^icoviT§i0j-r^o u-if^tis 
1 ojft^^tBit^nfcfcf-A'^x-f xhs<i>o , 

3fe:7T^A-9COAIt«8ffi*t?</>. ± 5 0%CO«SH<^e-A 

^^eii^n, 3t:7r^A9oai+ffl^i37A-^r 1 

[0 0 8 9] JEAiCDcfc-^tC, e:co^JScoj^lg3{c4i5ViT 

m-^iz. mx^stm^^u—if}^-Af)myy'i/'<9<D 

AORgWTj/tg&tfen, >t:7 7^A9(7)tiffl^BejI:-r'5il 
(td^T^^o ^Tz. ytyr^J^9(Dtpibi}^ib(DU-1f\:^ 

-A7 0 (D&mrti'pmyt u >x s t3t 7 7 ^ a* 9 ® a 

sim(Dmm<D^mf)^±\:rzi&^\z. ytyr^/^9f)^^ia 

^i2{z^rz^o cn\z^f)7/\-^^ I 2^mm^^ 
mtim\zny-^'-^m^WLm\^xm^'^n^v-^\f. 



(11) 4$M¥8- 1 6 7 7 54 

a? 

[0 0 9 0] mmcommA. m^\t. :i(o^m(D^m(o 
i^mLA\z%^yt&mmwL^7h'rm&mxi&^. m\z^^^ 
T, m 1 {c^-r^jfi(oji^58 1 (D%B.m&m<Dmmxm^^ 

dCTtt-eODiSig^^BS-r^o H{C*3liT. 8 1, 8 2 

\t^n^n%ytvyx (Styr^nxii^^^d 
1 0 1 \t^n^n<Dm^\^>x^ 1, 8 2$»«u 

10 [0 0 9 1] )k\zmmz'D\^^xm'^nt^. if^^§§ 

1 0;d>^ttJit$n:fclf-A':;x-f AhS<f)o . tf-A§B 
€r:fte^&J^oU~1ffcf-A7 0«, ^3tU>X81. 8 
2\z^r^^yr^n9<DXmm^X<t>. ±5 0%(D*Bffl 

^«o;^c^^esiU 5t:7T<A9 0HijNfflctD^1^g8'^ 

[0 0 9 2] £A±<0J:51C. ZLO^mS&OmmA^Z^li'^X 

tt. 2ocom)fci^>X8 1, 8 2ra©igi»<&issE-r'5;i 

(h <i: D 3t :7 r -f /N* 9 ox^^mxco i/-if if- A (7)it 

^m\z^^mm!m^%^z.tti^x^^o ^tz. u-if» 

Iggl 0;5^^Wlt$n/^l/-1ft*-A7 0CDfc:-A':7x 
-YAhS^lf-A^^x^XhOfiB. tf-AiB#ftj&^^ 
^bU}t«'&-C'b, ±5 0%©«BH©tf-Ait 

[0 0 9 3] *IIJfS<^J^S84(D^g3|gBT«. 
$k^VyX^-)V^l 0 1^2^(Ci>g|Lfc?l^co«^^^ 

[0 0 9 4] ^JScOJ^IiB. S7«. c:o^9B<0^JScD 

5^? wmb\z%^^B.m,mm^^rmm^xh^. m\z^\^^ 
Xs mi\z^^mM(Dmi&i<r>%BMmm<owRxm^^ 

T /N- 9 <Dx%ifm\zim% u < UTKB^nfc 

^yfy^TsUyX^ 3C0M^ffit^l^-1ft:— A7 0<D 

0 S^yP—x^y H-l'>5^-;/i5'AU>X3j^;U:$^T*S. 

So 

[0 0 9 5] :k\zmmzr:>\^^xmm^^o u-^^mm 

1 0}5i^e»ttiit$n;/tif-A^7x-rAhg<f)o , tf-Aia 

#ft^&J$Ol^-1ftf-A7 0«. «5tU>X8lcJ:D 
^V-x>y H-r >7'^y^Al/>X8 3<7)^®lrm5t$ 
n. hW>5r'yX^U>X8 3{C«t:0 

^7r^A9OAItffla"C0. ±5 0%(0«eHOtf-A 
itg4)ioJC«3tt$n. )t77-1'A-9rt&mStt«:«ofc 
^^eSl^n, -^<0^3fc77-f A9<Z)iaitffl<J;05tffi'v 

^lonj^2i^*%$9/www.sughrue.com 
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[0 0 9 6] «±o^'5Jc. :L(r>^m(Dmms\z^\f^x 

tf-A7 OOt:~AgS:;fc:^<ac5>fk$-ti--5»Il 
fcl^-1fh--A7 O^^mtt^^^W^feofc^^-CfoS 
[0 0 9 7] 7^*5. ±iBL;^c*Sg<D?^ffi5 03teMSB 

T ^ A* 9 CO AitiSffi^ifiSfe L < ttffiSEB t Ufc^t, 

^Iz-t"^;/ H-f >x'y^Xl/>X8 3 a:3fc:7 7^ A9 

i'^U-T'^y H-f >5'^i^XU>X8 3t3t:7r-f 

A 9 <h <Z) W tC-r >X ^ X V ^ > /f f^^^fr UTjg'&$ 

X8 3 i:5t7 7-rA9(^)PflcD«ffiT<7)Slt^i^^?5:<•r 
[0 0 9 8] ^JfiC0?^|g6. |g8«> CK^^IBO^JfiCO 

Xl/>X8 3 05t*ft<i:<h{t«-a:b. ^k-5^>yhM> 
^-;^XU>X8 3tCifiSUT^B$nTVi^o 
[0 0 9 9] *fCftfPfc::?V>TiftM-r'5o U-1f»ffiS 
1 0?&>^mi+$n/5:tf~A'>X'<X hg<f)o , e-AlB 
^^I0^^'::)^~iftf-A7 0«, m3tU>X8{cJ;D 

>X8 3«Mt;:m3t$n, ^^tCi^^^l^-T^^;/ HOT^^y 
X^U'>X8 3tCckO^:7r-m9COAit^ST0. ± 
5 0%(^«6fflc;0lf~ASg<f)i« JC^^$n> 3t7T-rA* 
9i^^m*tt&»o)h*^e3IU -e<o^^:7r-i'A9 

3{CcfcO^U'-X!y H<>7'^;/^AU>X8 SOJt^:^^ 

[0 10 0] £Jl±<^><k'5t3, il<7)||S6(Z)?^fi86{C:feViT 
yu-xy H-f >5^!y^XU>X8 3^<7>U-ifhf 
-A<D5t*ai)Sfi<^)lBfC. ffifflfCU— >flf-A7 Oi^ffiB 
m;^^*i;:rc«^Tfe5t:7 r-f A 9 ^ y H-^sa* 
IcSU—if lf-A7 Oj«>tfi^M$n^C^:^B5il:-C#^o 

A^€»U-1flf-A7 0OffiBrn^m3tU>X8i:3t7 
7<A9a)Alt^OfeBlC0SMdt^i:}tKi3, 7A-^ 
V 1 3tCL.-1flf-~A^tSfcD, ^S^^7vi¥a^./;^5fe, 
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>t:7 7^A9C0ai*^JCA7-^~^^^|gSUT 

0. sstcftjtU'^xstzjttHias^ff^citj&^-efr 

[0 10 1] SISg<^>J^fiS 7 . H9«, XL(om^(J>1^Wr> 

j^ffi7Jc«s^e2iSB*^-r«*8H-e»So sfc*5Vi 
^rv<n>x»m&m\zyn-^\ i 3i5<tt^ 1 1 skbu 

[0 10 2] ^fctCftf^i'-C^ViTM^B-rSo U—!f»Sgg 

M^^I0^J^::)l/-iffc*-A7 0«. m5tU>X8lCcfc 

0 7/^-5^'^' 1 3SrffijabT^U-5^^v HOt^';/^^;;;^ 
1/>X8 3<DSS{C«^$n. H-f > 
7'^yX^l/>X8 3lCcfc0 7A-5f"^ 1 l^iijgLT^ 

a? :7r^AAM^ffiT(f). ±5 0%co«effl©H-AEg<i) 
iolc«3E$n. 3t7r-f/t9rt*ft*ffi$«ofc**e 

[0 10 3] «±©J;5JC, Il<D||SB<D?^IS7J:::feV>T 

30 \z^m'^'^^ bfc u -if \i-2x(D^tim :7 r A* 9 ^ 

COffiit^JCA«7-pC-i5^«^^BL/TUllt$n^b'-1f 

\i-K(Dn^-^:=^^^r^z,t.\z^^. msi\zmytu 

[0 10 4] ^m<omms. mio\t. ^(o^m<Dmm 
<Dmms\zWi^^ummm^^'rm&^'v&^o 
i^T. ^ 1 {zinr^momm i (Z)^e2iigB(^i5£?gTffl 

u c:c:-ett^(Dffi?g$€B8-r^o ia(c:feViT. i4« 

l/~1f If- A 7 0(DZ:< -gScDA 9-$rSlt$-B:-S fc'- 
AAyU^/i5^> 1 5«hf-A«imffii:lf-AAyU>;/:5^ 

1 4raoffil8*«iK:7T>f A90AI*5gffitlf-A:^yU 
^Vi5^ 1 4ratOlE»{c^U<;5:^<fc-pfi^B$nfcAI+ 
If-A^riiJ'^B-e^O, ««J;^t^. AUu/h^^dt$ 
-fr, AU h3mcOU-1ftf-A7 O(0yiy~^«im 

'r^z.t\zxr). u-iftf~A7 ooffiSRr^tf-Ajt 

g^rSWr-SSB-Cab^o 1 0 4«AI*tf-A^-^g 
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[0 10 5] uiQ. m(D^&m&m\z\m7r^vx\^^rs.^^ 

3t u >x 8 (DiSLmom&^no z. tit^-v^^^ o \zm^ 

[0 10 6] :k\zmmz^\^^xmm't^o v-^^m^ 
1 od^^ta«snfcfcf-A':7x-f X hg<^^o . tf-Aia 

g-em3e$nSo Atttr-A^n^s^Bi 5-e«hf-A 

^i/>X:i^;uy^»igMi 0 4^^l^iu. zin^&Tctcu 
3gT;^£-em3ti^>X3^;u^i o i ^i^m-^"^^. 
\m^<DWt^m\z^n^ x y:^!^;^^ (7)ma(i<fc o x 

7s'r-V^^m^^X\i-h.U%f)mfhtU^^^Um 
r^. ^ICDje;^, tflf-A? Oti^^'r-f/tQOA 
<f), ±5 0%(DttHOlf-Aitg«in 

[0 10 7] &.h(D^o\z. ^(Dmm<Dmm^\z^^^x 
\t. v-^\d-ix7 o(omMu.^m^^mm\znt>n^ 
th^\z. V'-^M-h.i ooy-^m^mz^ithxh^ 
ri\zmkvxmmm^^mm\znt>ti^. 

[0 10 8] mm<D^Wi9. 01 in, z.(DmA<Dmm 
omm 9 izWi^^&m&m 900 ^mrm^mxh^o 

zfs<Dyt&m^m(ommxm^^^tixi^^^^ntm-<D 
m^\tm-(Dm0Si^m^^v. z:cx\t^<Dmm^mm 
■rs. s(c:feViT. mi o\z^vrcmm(omwiB<o^& 
mmm<Dm^u>xs<Di^t>r)\z. me\zmLrcm^<D 
mm4(D^fBim&m<Dm^tmm\z. s lisctr/s 2x 
^$ns 2<@«sv>«2j!a<7)^u>x$^v>Tt.i^o 
[0 10 9] 'A^zmmz-oi^xmmr^o c<D^m(Dm 
Wi9(oytGm&m\z^^t. ^yr-i/^doxmt&mx 

CDU— tf lf-A7 0Otf-Aag^lf-Ata:B^^-:$^ 

u>x^)iyif^mmmi 0 4{rj:o 2^om3tu>X8 

by Sughn 
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[0 1 10] £il±®J:5lC. Jl®Slifi©}^S89C*iHT 
±5 03«©«5Hrt»cA«J:5CbT37«f''t 

[0 1111 ^m<om&\ 0. gii 2», co^g^cD^ 

5». Bll O(:^L.;&j|Jg0J{^ffi8«>^eMStB^^ 

[0 112] ^^iCKfPtCMbra. Altt-A^rn:}'^ 
B 1 5 T. 7/t-f"-V 1 3 JCAItr 5 tf t-A 7 0 

Se®l&f^iisi1i-e*s®-cc: cTttiSig?£#eis-r5. 

a? [0 113] £t±®J;5IC. C®lllS®J^fi8l OtC*3Vi 

T». ^»s®)^ai8®%€]iiiie^i^«i. %MBis%g 

®-e. ^T-f A9®iSS®ffiffi!a:t*®^r:3'fcll«ffcff 

[0 114] iijs®?gfiii 1. lai 3tt. rffl5SB^®ii 

iS®Jg38 1 1 lr«S^^te2l^g€:^-r«*KE-C*S. @ 
»C*JV>T, 01 1 t^-r*Jfi©}^ffi9®it(GMSS®itt 

?g-efflVie.nTi'i5S^tR-®s^«[^-®«i*ss^ 
4 7-f A9 *>eiBit$nfcw-tf tf-A©:r<- 

fi5S:SI*$-a-5fcf-AX:/U -i-^TSO. 16«3t7r 
-f A 9 *i 6 mi* ;^ tlfc tf- ASr*r::5'-r SWi^ t 

t-A®7,'J-y hS3S«®A'7-«:«iai-r-5i:i;l::J: 
0. t;-AitgSSi|3£-r-5^:-^Ta5-5. 

[0 115] ;^?»cE(if^»cr3<.iTitt?g-rs. u— y^ssg 
1 0Aie.aif$n&if-A':7x-f ;^hg*o , t-AW 

#^l0?£Jtt3k— lftf-A7 0«, *3tk>X8 1, 8 
40 2»Cj;03t7r< A'9®Alt«ST, ±50SS®$8 

H®t-Aiati<i>.. t*^sn. ji©^— »fhr-A7o 

H^t^T-f A*9(^-£m^ttS«o/S:**gMI3n, -t© 
S3t7r'fA'9©tmtmt)^1-8S-vta*sn-6. ^t^r 
'f A9*»6Mj*snfctf-A©:*:«»«lf-A;^:/'Jy 
9 1 4saabTinix^cfflv>&n-5«t. ^r<-g6©A 

'7-«lf-AX:7''J>y^l 4tcJ:r)Elt3nTailtlf- 
A*:i^'^Bl 6t;:AS*3ns. tai*bf-A*r:^'gB 
1 6ttffli*bf-A©lf-AItS&W-jMU ■€-©x-i'S 
l->X4^JP^'^®jiSH 1 0 4 \Z^i]t^. 
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8 1,8 2<D&m^mm'r^o 

[0 116] sK±<o^^\z. z:<omm(ommi i\z:^v^ 

nsBoj^ffii 1 co3tesiseT«. fflwtf-A&itaif 

-AXT'U 1 4'\Altb}^30^ 3fc:7 t-I' A*9 Offil* 
ffl!l{C*3tl/>X^KSL/, -fil/— tftf-A^ziUp^- 
CO 1 1 7] mm(om^i 2. 1^1 4 1^. ;i(7)%h^o^ 

lC:feV^T, @ 1 3 \Z7FCrmi&(r>mm 1 1 <0>te2IKHa> 

au. yty7'^n^(oxmm\zm.\^^^m\zmM^nx^^ 

[0 118] *tl!(i<^lc::)ViT^Bjr^o k-ifSSSg 

8 2\Z^K^Tn-^^ 1 1 $ffijabT5t7y-f A*9(DA 
lt«HT<f), ±5 0%0«effl<7)lf-Aitg<f)io(C«3t$ 
n. ^:7r^A*9F*g^ftmffi^«-Q;rcSSe3^L. 
^^:7 7-rA9(^m»monSB'v^Ul*$nSo *;rc. 
T/'^-^i^l lSrEeU>5:::^fCcfc»P^:7T'f A*9©4i 

>(:^;5^eTn;^ck-iftf— A«c:<^TA-5^^ 1 i\z^k> 

iiSr^n^o ^7T-1'A9;&^^C9tti:^0:feaSi)^«li-A 
1 4^]SaaU, ir<-S80A7-(D-^SIt$ 

tr>i^i 6 ijrAit$n-5o aitu—iffcf-A 
(DAy-(Z)7^-^«i/>X3}^;uy^i!iS®i 0 A\zy^ 

5J:5tC«3tU>X8 1, 8 2 0firB3!)^ISS$n'5o 
[0 119] K±(Dcfc'5fC, ^(Dmmommi 2\z:^\,^ 

x\t. m\z^r^oummum^xm^u>x<Di<Lmm 
m^^m^\znoz.tt>^x^^o ^fz. m\z\tm7f:Lx 
v^;&v>d^. tamu—^\:f-A(onu-i!}mmzmt>rzt, 

cttccko. 7^ /'<^mmf)^^'^^rztbo^±&m 
\zhU^o 

[0 12 0] mmo^mmi 3. lai :i<D^m<om 



(14) i|$iB^8" 1 6 7 7 5 4 

25 

\z^i^^x. m 1 3 izm-rmmomm 1 1 (Dytmmmmo 
w^mxm^^^nxl^^s^tm-(oSr^\tm—(Dm^^ 

1 6 2\tyty7^/^9(Ditimm(oyty7^/^9(Dm6f>^ 

[0 12 1] :^\zmmz^\,^xm,mr^. u-if%ss 
1 o:6^e»mft$nfetr-A'>x-fxhs<i>o . tf-AM 

#^5$:J$:Pl/-'tflf~A7 0«, *5tl/>X81. 8 
2lCJ:0^:7T-rA9cDAI*«®T<f>. ±5 0%C0«SH 

Sftofc^^esi^n. 5fc:7r-f A9(OWjt«J:O^S5 

'vas^^tl'So 3t:7T-rA9'\(Dl/— lffc'-A7 OOA 

9)&^ettiit$nfeu— tf fc^-A«^t^^i::7:t h^^:*- 

-K 1 6 2tC«^»$n;^Vi7:i^. 3t>'T'1'A9'\cOAM* 
ilcD;te67:t hi5^-f :t-H l 6 2(cA 
:t-Hl 6 2:;5^ecOffi;^HU'>X3j^;Py^aS®l 0 4 

^ \zxij'^n. u>x:^jiy»mmmio4\ty:thy^ 

HI 6 2C!)m*7&^«/jNJC;^i:§cfc'5tC«3Kl^>X8 
1, 8 2(Dfi:B^iil[S!lffli-r^o 

[0 12 2] &.±<D^V\Z. CCDmmomWil 3\Zi^\^^ 

Ttt, mm(DMmi 2 tmrnizmiz^vfcis^ysim^x 

[0 1 2 3] ussc^ji^.® 1 4. sieii, :i<o^m(Dm 
mcommi 4\zm^ytBmmm^^'rm^mxs>^o m 

\z:^\^^x. mi 3 (c^-r^ss<^j^® 1 KDytf^m^mo 
30 m.'^Jixm^^^nx^^^^^tn—(o^^\^wi—oml^mi 

1 7tt3t>'T^A9<DaiSt«Sifi<{CKebrc7A"^ 

1 6 l«A7--fe>-tfT«'5o 
[0 12 4] :k\zWimz'z>\^^x^m't^. 7A-^-V 1 
70Bg«, P'-iflf-A7 0;&^3t:7r^A9cr)4>^i:>{C 
AWU l^-1ftf-A(DitS;!it<i), ±5 0%co«gH-e$» 
^iz^ \Zt>^t^ \z l/-1f tf- A ^ffilWT^ <J: -5 icfg^ b 

[0 12 5] &.±.(0^o\Z. Z^omMOl^mi A\Z^\.^ 
40 Ttt, Altb:~A7 0<D&em^:^t^i;>^c^#tc:TA 
-5^^ 1 7TjKBr$nSA'7-;&<ig:fcb, A*?— fe>1t 
1 6 \<J>^^t'^W>'t^tz^. A7--fe>1^-l 6 l(^Ui 
;^;!^tg;^^;^§^^(ci/>X7}>;Ui5^S^i!iiSei 0 4(Ccfc 
0^3tU>X8 1. 8 2©&g«:iaffiM®f ^iliifCck 
0. igtC^UfcfBm7^C«^KT7r^A90Alt®®T(Z) 

i/'-iftf-ASa^iiisi, tf-AtteoD^^j^^Tfr-So 
[0 12 6] I^JSODJ^SBI 5. 01 7«, 7Z(r>w^(r>m. 
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[0 12 7] *{cS!if^tc::)^^TIK5?T^o U-1f^SS 
3fc7r^A'Alt^ffilr. <i>, ± 5 0%cDS5Scotf-Alt 

Gii^n^d^, •I'iM^^-rnifcttstcu— tffcf-A7 0 

[0 12 8] ^18«. nTltg<i)c =4 0 0 Mm. 4^ 
*b(J>m^^n^ =1. 4 7 3. Zi7i:^^!y Hoa^^ 
SAn = 0. ^2\(r>9V—'fvY^y^v^7.%yr 
ffl:0t2OCDNd : YAGU~1ftr-A (SS 
A=l. 0 6 4/xm) €:eJt$-l±?t^Ktc43tt^> ^7 

nSAx a:Witfcf-ACDm*ffiM2o„i i:C!)Bi«$^-riB 

mt,U^<jy^. AW$nfcl/~+ftf-A<^)ffiB;^i^^7T 
A*9©ziT4'^L^5&^^8 0 /zm"fnfc«'&T*'DTt>U 

-if If —A (Jy-^^xtl^ ^(D%yr^n<^(r>uyn \:MX 

mw$n^ix-'tfif-AcoA»7-ojaij>««vi« cmct 

0. CKD^SSCDJ^figl 5Ttt, U-- !ftf-A7 0(7)Alt 
ffig$8 0 umc7)«SHTS^i!)^ii:^;ii:fCJ:0ail*l/~ 
1fb*-A(D^^tt^St|fflir^ili:75tT^, fflTS^ 
^ 2 035^^5 0O|efflC0ffl|tU-1ftf-AS:»'5il<i:J^t 

[0 12 9] -^eiT. dO^JScoj^Sgl 5 05teiSISS 

i;«e)*ie)T*^m« (ax) t,m^v-^\i-K^% 

(M^ M) (OH«{cS-::JViTU'>X^;^^^l!iggl 

0 4. vyXit-)\^^\^\\z^yy%.%vyx%(D^w^ 

^m-^^. ^(OmS:. 3fc:7T-f A9cfci9«mtti9:S«« 

1 8Tm^L:/^c^tt^J^::?lf-A<&tait$ii:^« 

[0 13 0] e4±<OcJ;'5«c, ^:cD^Jfi<?5?^fi8i stc^sv^ 

[0 13 1] ;a43, c:cD*JSof^fi8i stojKeiiSHT 

«3fe:7 T 9 (DAmmmx<om:^\^<D u-if if- a<d 
ott:^f«i(c-rn3t«'&fct>, mitu-iffcf-AOM»a,i 
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[nicDrnaii:fflwu-iftf-A<J!)«*tt (m» m) to 

gi«g(cS-::;iiT. U>X>}^Jl/y^a^Bl 0 4. U>X 
0 ltc<i:0«^lx>X8Ofig^ia:;&fRjJc^I!j 

1^— tf tf - A 7 r A- 9 e mit $ -frT t> J: 

[0 13 21 *fc, COHJSOfl^ffil 5(D3fceSli^H-? 
««3tU>X8J3J:0?t>^r-f A9 0AltSSS, ^rc\t 

^(Di&mx. <f>. ± 5 o%(o^BfflcDtf--A^tg<^>l□^c^' 
id? — !ftf-A^«^Ufc««I^^L./^c3«>^ iia>*#$}Sfc$ 
;a:Vil/~1flf-AfC**LT'b, il<0ll«5OJ^ffil 5 

[0 1 3 3] ^iScOJ^figl 6. igi9tt, ^:CD!R!M<Z)^ 

{C:fe(.iT, ^ 1 7 (C^-r^ffiCDJ^^ 1 5 CO^teSISBO 

1 0 5jt3fc7r^A2}x;i/i5^»iiiss mm^m x^ 

K3fcyT<A7}^;^^$^^i!I^Bl 0 5±fc3fe7T-1'A 
a? 3t>;i.y 1 0 2^^«L, ^:7r'f A2}>;i/y 1 0 2(0&S 

[0 13 4] ;^5:{cl&f^tCOl.^TittH^T^o ±fBLfc^S6 

OAmSV>X'^)V^l 0 l(C<fcO*3ieU>X8(OfiB 
^^Ij^.-li-, '^<Z)Jg^>fc:7T<A9cfcD«mtt^^ta« 
1 8Tft^Ufc:mmtt^}tt?l^-1ft:-A^^7r-1'A 
9 7&^^>^gB'\ailt$1i:Ti<>;rc;Jj^. m^ZTrcTZ^O^mom 
fiBl 6<D5fceiiSfiT«. )fc7r-<A-*:;P^^S^I!igfil 
0 ^ms%y7^nt^)W\ 0 2Jc<ko:7T^A9coA 

ItSSMcO&B^S^ii^ii:, ^(^j!gS^^tt^S««l 8 
b fcft^tt ^Jt:::) if - a r 9 

[0 13 5] «±(^<fc'PlC. dt^^JgCOJ^ffil 6tC43l'5 
m3tU>X8<i:3t:7r-f A9©Alt«ffiOM*0 

ttg^u— if i/>X7}^;py 1 0 i*5ci:i;^:7T-fA>^;i' 

y^Sigai 0 5tc<^0^1i$-ti-^^i:tCcl:oT, 3t:7 
r 9 e» asitr -5 tf- A ^SO^ST^^o 

[0 13 6] nm(Dmmi 7. 02 o«. ccqsmo^ 

S) . 2ttaB»Rltn-7^^>iy;&tSfi$n}tffl*5^- 

fcf>^b;feNd : YAG (Yttrium Aluminium Garn 
et) . 4«5tjS-e*tjT. 0y^tf7-^^>:/TJ^^$ 

nrv^^o ^n.^mA^j^fx-r^mm. 6«3tas4<^^ 
^ ^ - 2 n^h u-^i^m^mz^^\.rz tf 
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<&®filfigi??l9. 10 1. 1 0 2ttigUc^L,fc3fcejai 

[0 13 7] ^lC!!il^tCC)V»Tgft?g-r-5. 3t2i4tHflJ 
*^3ttrtffi*t3fcSI84l::^LTKit«=. WAfiSfi-fe^ 

±5 0?gro«5Hl^cOU— iff-A7 oa:;&:;5J;'5«c 

n. ■€-®^)t7 7-i-/\*9®ais^^j;oii-g?'N.ffl:/3$n 

ffl*5 7-2CDS3a#tt*^^6^JESif ©U>X 
SISrttt»5«^S, Jt7T'rA*9©AltfflffiT(0S* 

[0 13 9] eA±®J;-5{c;. CcoHiScDJgSgl 7C*3H 
Ttt, U— !f5gliin?*ii|@^^tlfcl/'— tf3t7®iRmtt* 
»}f bfcSSW— !fH-A7 0i£^7T-fA'9rtSr3iU 

[0 1 4 0] ^ttO^figl 8. BI2 1». ;i<D9tm(D^ 
iScDJgffil 8{r«S$a#:l.— tf^B^S^-r»r®«^0-p 
*-5. igt*5V>T. 0 2 0 {Ca^-rHJSOJgffi 1 7 OH**: 

igiC*5HT, 2 1fi»3tU>X, 2 2«|Si^Si*5? 
-,106 ttaS^KMS 7-i»Bl*-&-5fc«)Offl»Si* 

dd-e. «3tU>X2 1 i:g?5^K«5 7-2 2H» 
G^3t#»S«}J«bTlr»S. r;fe*5-fe, jRJtW'>X2 1 

©)»^EBIf, i:SKi>KW2^-2 2 0S^i|igi&|^i; 



(16) i|$g8iP8-l 6 7 7 54 

JO 

CO 1 4 1] j*:fci6f^fcov»TBiiH-r*. *5tU>X2 

lRt;S84^SSt5 7-2 2 0«aB)&tt@iSSECJ:oTU 
— ift-A7 owtf-A^/i-f X h{fl:B*J:tft;-AM 

[0 14 2] «±®J:5JC. dO^JgCDJ^figl SICiJVi 
Ttt. ^t7r-f/N*9©Alt^ffiifi«StS/JN*3t^SJt 
-6, -ecDb'-Aitg***. ±5 0%©*Sfflt;iS:5J:5?S: 

# tC* i; S Hfli^^ 3 |^T?OS<4HflJ«E® ® r» U >X 

ox{bic«UTt)M^£:t?#. ±ia©w— !ft:-A7 0© 

[0 1 4 3] *SS©}gfigl 9. 122 2tt, 
m<omm l 9 »r«5H**:U— !fi£H«:^-r»fffi«l«H-p 
0iC*5ViT, 02 IJC^r^JgCDJgagl 8ro@^ 

dCD^JfiCDJ^JBl goHfl:!/'— !f^«T?tt. ^JfiOJ^ffi 

1 8©@#:^— lfge»te¥3t^?^ICllDAT, 01 etc 

^rsiifioj^sg 1 4©5tejaisgrt©7/'«-5'^ i 7^3 
[0 14 4] 'Aizmmz-Di^xw^mt^. laicijit-sa 

tf-A£§ltT. tiJI^k— !flf-A©A'7-SH-iai-r5 
^•7— fe>1}-l 6 lj5»e)©Hl*tSrJVSTj63tU>X2 

1 tsR^j-Mits 7-2 2 ©M-:!5"b u< tts^offiasw 

[0 1 4 51 ^tiO.fc'SC. ZLtommoi^lBtl 9C*V» 

Ttt. ^isir^fcy'r'f A-groaiit^d^e.taw^nfcu- 
ift-AwftmttSrA'?— fe>-!j-i 6 1 -Ctr:^' l/Sc**. 

k^X^YktCMf&L.Tfelf-A'J'x'fXhffie. fcf-A 

3t7 r-r A 9 e.©Hii^ I'— tfif-A©m* 

[0 1 4 6] SIJg©J^Si2 0. 02 3tt, C©»?^©ll 
Ellt:feV»T, 0 2 OtC^rSWS©}^®! 7 0Hf*: 

aiC*JV>T, 1 9ttMPitSS*1-SBA»e.iSiai-e#5rao 
Pl^7A-^r. 2 Ottl'— !fJt7©ta*®»::£Sff5 

5^, afe-5iittx^-;^^';i/A:'3«g^©vi-rn*>T?«f£s 
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^. tft:-A7 ocDtH^oiafiEitt. ta:*j|g:t«»}2 

/t-g^-V 1 9 CiSU— tPlf-A©51.i&®jKi8t<0*T7fe 

TP— tfe-A7 OOa*. t-AS, M' fit. K-A 

ffl^^lfi^fc-rs**. -75-bf-A'>i'fXh®firHi:5 
7-®ft^tt^<bL;a:Vi. c:®^#T-ettt-Ag. if 

©fefflHOH-A-^x-fX hT®«$3t77'fA*90Alt 
^ie^'Ni^ftLTtiSWT. f-A^zx-f^?, H®{4B*t 

T, ^t^ri" A'9®Alt«ja«^T®U— 1ftf-A7 0® 
tf-A'i'x-fXhgttM^ ffl®¥^rffiCH:WrS. - 
^r, «. t>M' fi®¥^«tittf!|-r5. b;t*toT. T 
1 9®iBoitg®^'fbTW— tfif— A®/xy— 

i3Sf*ufc«-&, u— tftf-A7 otti^:^•r?t7 7'rA•9 
®Aitfflffi®r<is»tcs/jN«>t;Ssifs, ^oasra 

((>. ±5 0%®(6S^^%. 

[0 14 8] EA±®J:5(r. c:®IIJfi®)gS82 0(r*5V> 
Ttt. i3t^-r.i;5ICfiSm;a:«}fiK-Ci*®J:'5?a:A>7-<£ 

wra p— !f if-Aic*#bTt)«^tts«o&**>t7 

®J^li2 0®@fl:U— tf^@-p«. iJe3feS!®*«SSffl 

?^ S^AyfcH^*: P— y Cliffl UT-b J: < R«®a«*# 

[0 14 9] #ISS®JgS82 1. H2 4tt, ;i®^Bj®^ 
lfi®}gfiB2 1 (C«.5HflEU— IfiieSa^-rffi^WfffiBIT 

p— !fSS®Si?«-efflt» e-nrt^-ss^tii— ®s^tt 

l^-®fll)EKS«S^U. ::^lT«-t®iatHS#Wr-5. 

X2 1 i:g5i^SI*5 7-2 2 t®W»cEe3nfc7A- 
^V, 1 0 8ii7A-^^ 1 9 1 «3tib^l6lfc»»*-«t 

8®)Sj^5ffiK. (4®[Jg;«:a:»3®P— !ftf-A?&^Ota 
•r*ft®SmA:^»C?*L. U— iffc;-A*t. 3t7 5"fA' 
9 ® A»«8ffi® Jr< ifi»KS/J>IR?t;Si*j#^-?-©itg*t 
<J). ± 5 096®i3Ht7a;-5<i;-5»C^^UTt>5. 

[0 15 0] 'AizWimz-:>^^xssi^t^^,^s>mm^ 
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ffi2 l®Hfl:U— tfiiaC^tJT. U— !flf-A7 0® 
ffi*®iiffi5B. ffl*K3t««!2 Oroft^KSfoT. 7A 
1 0 8 ICi 0 7/^-5^^ 19 1 S3fe7 r 
-f A- 9 ®Jtffl:)Er iRllC^Sft UT U-1f 3t 7 ®^|.SS;2l»f U 

[0 15 1] £;±®i:5t. c<Dmm<Dm$Si2 iic^v» 

»C. 3tilg4's««&$n5§mA*aiEfliL?S:V»®T. S 

#:i{i^®^i'>x^^tt^^T*o, mm<DmtSi2 0(D 

10 SS^U-lfm@iimm. i*®J;5;5:ai:*j®P— tft-A 

9V&^fRm-C^^, C®llii®}^fig2 l®@fl:p 

COt>TK?gU«:*«. tE*S®*!gS-T?«J«$n*@{* 
P-1f KSffl LTfc J: < l^«®^a«*«-5 C 

[0 15 2] SIJS®jeS82 2. 02 5tt, j:®»M®S^ 
Jg®}gffi 2 2 {CfiSSafli:^— tf^BS^-rWJScSfMBn? 
0t-*JV»T. 0 2 0 {C^-rilJfi®}^^ 1 7 ®H#: 

0®@«^v— tfgBiz*5ViT> ytm4ii®wm'i'3\tm 

[0 15 3] :k\zmmz-::>\.^rfm-r^. mmst-^^o 
m&(o§>im\ziif)^n^nrc^m4*^ibm^^^^n. 

wtsfr*^ 3 Hfrsi?^ 3 {zmifitiityto 

3ett^Klt5 ^- 1 tSii*KW2 7- 2 TSKSSn^ P 

— »f*«sra^&a«-r?.raic*i*isnTP— !f3t7 

0. 0fJ£M«±®;*:^atcjl-r-5tt:-A'i7x'fXhg 
<(»o , lf-ABB€rft 2 eoU— lflf-A7 Otl/TU- 

if^*iBe®^6PfciS:fflsns. niS'^stodisnfck- 

-!fh'-A7 0tt. *3fcW>X8tCioT7r'f A-AWffl 

m(oz:<i&mz&/i^m^^^w^'t(oiMmi)H. ±50 

«®jSffli:;&:SJ:5lCft3tSna. Jt^r-fA^Jl^^'i^ 
SiSBl 0 5. 3fc7r-fA-3f:;i/yi 0 IB. 
40 ffi«il 8T*g3£L&MJCtJ!Vi*e.*^i;«)*«&Tafe«-rn 
St tilit P— y fcf- Am«tt®M«^C»^t-iT3e7 7 -f 
A9®Alt^BD®{4BS:^I(l3-&. ^E-®ie«3t:7 7-f A* 
9 <t 0m«tti9:5£««l 1 8 Tm^Sn/S:««ttSltoW 
-1flf-A**l.SB'sffllt*i3-«>. 

[0 1 5 41 K±©J:3C. C©*JS®}e®2 2IC*l'> 
TB. 3t77'fA*9A^eailt$n-5ttlitU— tftf-A© 

fflj*«::isi;Tsa)fe/'<7-«^r-r«w— ift-AStBit 
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[0 15 5] ^m<Dj^m2 3. ^2 ccommo^m 
m<omm2 3\z^^mi^u-if&m^7r:rm^mx$> 
Hiw^v^T. m2 5\z^Tmm(r>mm2 2(osi^u 

<Dm#u-^mm\z^^^x. u-if^ms^mmr^± 

m^3f)^^mm<Dmi^^\z&mr^^^t)^^n^mi^ 
mmthxm^^tix\^^^o ^m4tmi^m^3\mm 

^tirzmyt^6(D^^\zmm^n^o 

[0 15 6] *JCi(|fPtIOV^T^Bjr'5o ajg5;&^^® 

mzmi^m^ 3 \zm:^^n^. m^mi" a \zm:^^nrc^0 
-mtm^m^spmzt&ts.-^n. afr^^s^sreur 
u-^mm^i^?i^o z.(Du-'^mm^r)^^'^nrzS 

Xh%(t>o . tf-A§8^ft 2 (9(OU-iftf-A7 0 (hU 

i^m?sx\t^mz^^f3iU-^^mf)^'^mx$>^ft^. v 

[0 15 7] 13 2 7 *^^S^M^^«g1S^(C:fett'5 

TiSBS tf- A :7 T A'e»0>ta&<D A« tf- A tSg*t 

[0 158] «±(0«J:-5Jc, ^:cD^SS(7)J^ffi2 3fc;feV^ 
X\X. g::^C0M2 ffiTC03 0 OWai:^fC:fefrtS<i)o 0& 
SipiiUT, :$1^6S^SiOdi$nfcU-1ffc*-A7 0;&^m 
5t W >X 8 ck T^:7 r A 9 CD A j+«®co c::< ifi^ 

((i>c <f)o 0 (2no An) -^^^ ±50% 
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*s^ft$-&-r(cu-iftf-A7 o^-^-o^sess-ii- 

-So 

[0 15 9] 0<DH{*^U— tf^eiCck-St, ^-Ifai:f3 
3 0 0Wfif£t^1^T«tf-Ait€l^<D^ft»CctD7T^A* 
efilSOM' <i;&^iiin-r'5;0^ fctfe<i:<Dtf-A(^M2 
®7&«3 0 0W^cJ:0/h$Vi;^c«e). V-^mi\z^^U} 

-ft:}^c«'&T^oTt>m^ft0^{l:}<>^^i>;5:Vilx~-tfbf-A 

10 [0 1 6 0] 0 2 7 OiftW0f^T(D*jti«, 

If —A $ 3 0 0 W«f (D 00 0 IC^^^-frT U'— lf tf — 
AcOAIttf-AS^S^SLT:? A* 9 rt^eS^lt^'S: 
^KiSa^^LTVi^o m\Z^^t,. Altlf-ACOM^ 
fio35^Mt5 36^^2 i;a:a)«rJ*U fflitH-A^M^ ffl 
5?5^e 2 2 <h;^oTVi^« ctoT. ^[StCl/-1fe 
- A CD a :^ b T ^^tt0^^b>&«ii>J^ U~1f tf 

[0 1 6 1] ^lSOJ^ffi2 4. S2 8Jt. ^<D»W<D* 

20 0, (b) « (a) (o^mmx^^. m\z^^^x. S2 

5. 2 6JC^miSOJ^ffi2 2. 2Z(r>^^v-ifmw 

<rymRxm^^^^nx\^^^m^t,n-<r>^^\m-(Jym^ 

[0 16 2] :k\zWimz^\^'^xm,m'r^o miz^-rco 
mm(Dmm2 4x\t. >^o>\^vti)vuyxs4. ss 
^m^^XK:^i^ty:^{^^miL\zM^^it^o rut> 

^1^«fB'sBtr)tB$nfcU'-iftf~A7 0^. x:^1p\\z 
mLx\t>'V>]^oti)iu>Xs 4{Ccfc'pT:7T^n9 
o)xm^m<Dz:< iB:m\zm^m^^^i^^^<Dmm^ 

(<t>c 4>ond, (2no An) -^^O 1/2 ±50% 
yirf«IfCHL.Tf5v'U>HU*;UU>X8 5{Cj;oT7 

40 f)t 

(<f>c <f>o,^, (2no An) -'^n ±50% 

[0 16 3] Kk±(D^3\z. ::<Dmm(^mWt2 4\z^\^^ 

X\t. 5K:7T-f A* 9 6 ttilt 5 mi* U—tftf-ACD 
{ltt^:7 7-f A9fCAIt$n^AltU— !flf-A<D 

:&rS) i y ;5fnj-cfe^tttg;&^s^ ^^SSJc^ u :7 7 a* 

If - A ^ mi^-r ^ S^*: l--1f ^® C (h # 
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[0*16 4] m^<Dmm2b, 132 :z<D^^<Dn 

So 02 9«) (b) \t (a) <DJFM0-^«-5o BIlC:tetri 
T. 02 5. 2 6. 2 8J;:^-r^JS<D?gjS2 2, 2 3. 

2 4 <7)@*(^ If se<offi§q-cffl e. nr -ss^ <h 

4. 8 5T«^$nT(^i'5o 

[0 16 5] mzmmzr:>\i^xmmt^. ig<D@«:u- 

±^<^r3:r)^<Dm^\t<t>o. e^ <<f>oyi9y tts:^. z. 
:ftmmomm2 4(Dmi^u-^mmtmm\z. xu>h 

})t!)\^U>X8 4. 8 5^ffiV^Tl/-ifb*-A7 0(Dx 

Dffl^nfcU— tftf-A7 0^. x^SlniJrglbTtti^U 
> H U :^ >X 8 4 J: t? T 7 r ^ /N* 9 O Alt^ffiO 

z:< j&m\zmn^mi^^i^t>^(Dmmf)^ 

(<f)c (f)o. 0. (2no An) -'^n ±5 0% 
y:^\^\zmLX\tzyU>\^Vtf)lU>XS siz^-^xy 

r^/^xiimm(Dz:<iS:mzm^i^ytA^^t>^(omm 

(<t>t <^oy0, (2no An) -^^O 1/2 ±50% 

tfsi^^o\zm^'r^o 

[0 16 6] si±<D^oiz. ::(Dmm<omWi2 b\zi^\^^ 
x\t. mmvrzmm(omm2 3. 2 4(om»u-ifmm 

M«> :)t7T'1'A9fcA«$nSAftU— tft'- 
Acox:*|nj(DM2 Mty:;^fSicoM2 M^cDWOMi&i: 
0. A9rt<£eS^t)ft5fcttiB<^«nfel<~1f 

[0 16 7] mm<Dmm2 6. 03 o«, ^K^^^g^ig 

Jficoj^fiB2 6fC«S@«:U— tfi^B^^-r«^K0T« 
So 03O(D (b) « (a) (DW'mJ^X$>^o 0tC:feVi 
T. 02 5, 2 6, 2 8, 2 9 fC^mJfia)J^fl8 2 2 , 
2 3, 2 4, 2 SOSfrU— !f^B<Z>m§«Tffll'>e>nT 

*fi88i:bT«ldc$nTViSo «3tU>X8ttffl«©« 
[0 16 8] ^^CtcS*f^lCO(..TI«l^|-,-§^,iCi^^^^^ 
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xsxnoo ^Lx. y:^mzmiyxyT^/^xmi&m 

(<f)c 00,07 (2no An) -i^*) ±50% 

:i(omm(omm2 6(om»u-^mm\N(Dpkmmt. 4> 
^ mt(Dmom^t^o i.:^fi^^x. x:&ipj{ca«riT<o 

rnfcig^TfeoT'b, :Jt7r-rA9;6^e>ffllt$nSffl 
[0 16 9] Si±(D^v\Z. Z<Dmm(Dmm2 e\Z:i^\,^ 

x\t. y::^\^ty:^\^xmyt^mt)mu^^ms^^m^^ 
Tcm-^x^^x^. m\z7^vrz^^\zt^mzmmu\y> 

i:t.i3«4*fe^t-So 

[0 17 0] IISS(^J^S82 7. laS 1«. dCD^H^o^ 
JfiCDJ^fi8 2 7{C»SU-lfinXSg<^^"r<»fi£0T& 
So 0(C:feliT, 0 1 tC^-r^iScOJ^Sg 1 CD^t^ig^fi 
<^l»WTfflV^^nTViSS^tH-CDS^tt|g-C!>«^ 

J0 T, 2 3ttm3tU>X (m^t*^*) , 8 0 0««LjnX 

8 1 ottunxyxjk 8 2 o«linx:«fACD»APT 
$>s« 

[0 17 1] '^\mmz':>\,^-zm^t^> tf^«sg 

<ft8 0 OBW— tfjDISn-5. 
[0 17 2] J«±©J:5IC, ^©§liS©}^fi|2 7»c*JVi 

Ttt. jt^T'f /^•9*^e.al^•r■5m*^tw«:tnfc^- 
[0 17 31 tt^. :L<omm<om^2 7®^— tflmX^ 
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CO 1 7 4] |gJS<OJgS82 8. 03 2«. Ca>^m<Dm 
0fc*V»T. 5fciK4i:@«:ST3tt, l^ffi*«3tig4{C«: 10 

[0 17 5] mzmmz-D^^xmrnr^. mmsa^i^o 
fiffi®«i(&fcj: i5jSfl"$nfcjeag4*»sjt*<i9:3t$n, 

mzm^m^stzma^ti^. sii^m^3\zmi)^nftyt<o 
ifiiimmm^mm-ri>m\zm^^nxu-ifi^7 tfs. 20 

(i)o , if-Are#^2 eroi/— »ft-i»7 0 tUTI/- 

5 0 96(D9SS^:i^-&J:?lcm^$n-S>. 

1 8-Cffi3£U«:fiUCtiEt)T. »&A^i;«)l9:SSnTV»-5 

Sfil 0 5. ^t^r-f A-7f;;P5'l 0 2Jcj;0^®)3-a- 50 
<5. -eroilS*. ^t^r-f A9J:D«*ttS:£««l 8 7? 

U— If tf-Atta3tW>X2 3 \Z^ 0 S €>C*3fe3n, 
C©m3tSnfcU— tfbf-A*fflV>T«lniI«»8 0 0© 

U— »fiDX?£ffJS:5o 

[0 17 6] K±WJ;^IC. C<Dg|JgC5»S82 8JC*3V> 
Ttt. Jt7r-1'A*9IC<t^l/— tflf-A7 OOfiii*, 

[0 17 7] fs.^^ z.<omi&(Dmm2 srou-ifinxil 

S©iJi?SIC*3ViTtt. 02 5tC*bfc||Jg0}g882 2fC: 
«-5@«:L— ifS@«:fflVi«:*t, 0 1 7 (C^bfcS^ig© 
jeS8 1 5 {C«S^)3tfei@ISB*fc«0 1 9 \Z^Ltzmt&0 

mfRie \zmi>^tRmmm i e o o ^ffli^^i/^s^tcti^ 

[0 17 8] mm<Dmm2 9. 0 ^.^J^Viliffe^ga^ru.^. 
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JSWJB88 2 9{C«Sl^— tflinxKBS:S^fMJES0T& 

0c*5t>T. 0 1 ics-r«is©j^ai 1 ©3teiaiiiB 
:6j:t;0 3 nz7^rmm<Dmm2 7 (ou-ifmxmmo 

[0 17 9] 'Aizmmz-::>\,^xm.mT^. u— tf^ssi 
1 o*^e.ajt3nittr-A'^x-fxhg<*»o , if-Ais 

#A2 eSrj^CJW'— tftf-A7 0«. m3tl/->X8 e, 
^t^r-f A*Alt«ffi-C<J). ±5 0%©«5H©t-AiSg 
*i.(cm3t$n. 3t73'-1'A*9l^&mmttS«ofc*S 
eiHan. ^■©«3t7r'fA9©^^j^SJ;r)^1.ffl5'vttl* 

0ir*v»Ttt. ^:©tt:*^e.aist$nfci/— tftf 
-A^&«5tii-rc, ■e©**it«ir«liPX4&8 0 oirfla 
ItUW— !fllOX*ff>a:3. 
[0 18 0] K±®J:-5tc. c:©SIJfi©}^a82 9lr*3Vi 
Ttt. %yr^n 9 »rj;-5 if t:-A©esi*<**tt 
*«-3&**ff!**>ns©T?. 3t7 T'f A 9 ©aiit«s*> 
ewwsns tf if-A©M^^^*«t5e5feicj±tjbT/h 

^JA«k— »f«EfrAn;5:i:©JtlSWflaitffi«(©;*: 
tfiniXT?*ntf. 03 1. 3 2(r*Lfc*iSfi® 

Jg882 7, 2 8-C©*^tW>X2 3SfflV»5J:tftU 
\z. 0t^-rJ:5Klf«{rf8^;fa:«^Tff5ct*t-e# 
■5. 

[0 18 1] ;a:*3. c:©^JS©}gffi2 9lc*5HT«. 0 

1 C^bfcS^iS©?^!! 1 tC'^-ajt^MSB^Effll'^Tiegq 
«fTr. 0 4 (Z^ UfcllJg© JgJ8 2 03tej|li^B7!i> 

S0 1 9 ic^i,fciijfi©}gs8 1 6 \z%^%^m&m^m 
v»fc«^»cfell«©3a«&#«::t*«-c*-5. H4C^ 

U&*SS©}gSg2©3teiii^B«:fflVifc«^. tT-AM 
€?^2 ©SJ^tJU— »ftf-A7 0«, ^U>X8*»e) 
7A-9^-V 1 lS;:frUT3t7r-fA9©AitfflffiT«. 
±5 0%©«6ffl©lf-Aitg*..lz«)t$n. ^^r-f 

A9rts«*tt?£»'Dfc**ej@isnL., 03 3c^-r 

[0 1 8 2] jgig®JgS83 0. 03 4«, Cl©%?g©5l 

js©jga8 3 0 \z%^ v-^i!xxm.w^m-tmmsmmx 

0{ri5fciT. 02 Olt^T^IJfiCJgSil 7©@«: 

If gfi®aig-cffl i-i enxviss^t i^-©#^e 

I^-©«jSM^*^Ix. c:ci-e«^®iS?^$«B§-r5o 

0t;::tet»T, itUA ta^Sg^ 3 ttl^S*<3taS4 JCMU 
®t}>lcEB$nTt^*. 

[0 18 3] ^jcJciiif^crjuTitti^r-s. «ai5*^e© 

«flE®«f&CJ:D;S(fl-3nfc3KS4*>S®^*ttftJtS 

WSWIC@«^5RT 3 lc:«*^n-5. 3 fcSA^nfc 

Jt®-S5tt@*f^«^3CKiR^n, H«^^^^3»iBSS 

nu— yiKst/a-s. u-if!«sj:os!*snfci«stt 
tH3fcfi5 7- 1 <h 2 T?«^$n-5 1^— tf*®gfw^aa 
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-Ai&s<f)io^wr'5u-iffcf~A7 otc^^^n, yt 

[0 184] CCO||JS<3DJf^8g3 OJC:feV^ 

*7r<A9{c<tSU— tft:-Aa)ej@l;5i^«^tt 

U~lf liDXdtEi 3 4 tc^sn^Sct 3 fc|^«rHffi#;^ 

jDX^Mf^^S^iTJi. S2 0{C^L';^cSISfic^?^fi8l 7lC 
IS-SHft:!^— tfg§$:fflViTIft?g<&ffo;^c;<i^ 02 1 [I 

[0 18 5] 

[»Bj©ja:^] jK±<oi:5(c, m:»mi^m(o^m\zx 

0. 50, ^0i.'^l. 503 

0. = ((f)c 00 0 (2no An) -^^O 1/2 

*tg3gT^^$n;^cii5mmttoU-ifb*-A^m^ttc3[) 

[0 18 6] »*JB2|H«CO§«B.3tC<fcn«, 
-1f^^> TJl.5^^:-H^~1ff-A^^S"r-5U~1f 

[0 18 7] iS*3I3iH«o%?g(Cci;ntf. V-^it(r> 
WL^^kt.\.tzM\Z. 7C0 0O /AcDfidU 0 OJ&lTih 

[0 18 8] K*JS4i5«<^Sg0>gtcJ;n«. :)t:7r<A 



40 



10 



20 



30 



40 



[0 18 91 fflf*3S5fiB«s<D«eajc,fcntf, ^vr^tn 
it^n-ssitif-Aji^^^^u/ vm\zmm^n^(D^7n 

[0 19 0] m:^m^wsL(o^mz^nki. xttfeu< 

b;^c(DT. Ix-if3tcDe-A4$tt(::'&:b'ti:T5t7r-rA 
AltiSMTCD H-ASg^SSfCiSS-r ^ e: i7&^T€r5 

[0 19 1] m^m7i^m(D^m\z^na. mytif>x 

^yT^/^(Oj&m&im\zmmiyrc<DXs 9v-'fv\^'i 
y^v^7.vyx(nmk^^>\ymm'^^iz\z^r^. & 

Vi«eHOl/~1ftf-AcDlf-Al$ttfC'&t)'lt;5:;</^^. yt 
yy^ AcD AltSMT(7) f-ABS^^^JcDSST'S 

[0 19 2] m:sjitmBmm<D^mz^n\tt. ^v-'fv 

IxfccOT, Jl(7)7A-^-^Jcj;D^l/~7^*y hW>X!y 

^ X w >X;5: e»rxjc3e:7 7 >f /n*co Ai*igMS3a'>-<3!)®t> 
[0 19 4] »*:si of2«®fsggcj:n«> tastt- 

A ^ r:^' t 1/ >XS: » O^Bl^SSr^fi U :t CO 

[0 19 5] mim.-i 1 J:n«, jt^r-r 

[0 19 6] il«JSl 2aS«©»?g»CJ:n«. 5t7 7-f 
:t-HfCJ:Oaittf-A*:z:$'gBS«fKU&©-e. W 

[0 19 7] K^JBl 3iE«©5!IBtC<J;n«. Jt7r-f 
A'©tHltffl!llcKBl.fc7A-5=^-Vi:>'^'7— fe>-y-lcJ;D 
ta«lf-Atn:?«BS«l«bfc©T. #«CfB#;fS:« 

€. ltlitli-A©»*tt*«^^:i^'Tf?-5ig4m*«* 

[0 19 8] M*:S1 4IB«0!«?gicin«, ft3fel/>- 



—437— 



(22) 

41 

[0 19 9} miRmi 5iB«®s!w«3j:n«, tfat 

?t7 5"fA'K)AW«®©f-AitgS««>. ± 5 096©<8 iO 
[0 2 0 0] 6ia«®5!ig(Cj;n«, it^T-f 

[0 2 0 1] sS^JBl 7 8E«W^9«C,tn«, l^— if* 

[0 2 0 2] ii*^l 8S2«®5S?qiCj:n«, U— »f* 

[0 2 0 3] m^mi 9|S«©5!MlC<fcn«, ^ 
(*. *o e (2no An) «'') ±50% 

mi4©^it**iJ>iftv> tF t^-Ai£^lli^T^■5@^^i:^- 
[0 2 0 4] ii!*:B2 0ia«©5SMtCJ:ntf. 

7 r-f /'?Ajti»ffi©j:< je»(c«/jN«3t;il(SJt*-€-©ia 

(<*>« <S>o.e. (2no An) -"*) ±50« 
(<^. <(>o,fl, (2no An) -'/')>" ±5 ox 

[0 2 0 5] m^m2 iiae©^?^i=<fcn«, s^ig^ 
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M/JNm3t^®I»g*t 
(«. «o e (2no An) -i^') ±50% 
i;&:«J:3tc«^t.&©-C, x*l$lty*I^JTm3tttlB 

U— y bf-ASffllfC^SfflffU— !fKBS^5 d t«« 

[0 2 0 6] »^3S2 2i2«®^?g»c:J;n«, C©^ig 
©)teSISB*>5:tt@«i: tf ilB*^ ^ fflit $ nfc 

ititcflgitL^— ifjnx<&fT)a:5<t^trbfc©-e. )K7 
r -I* A'eii=£ff o fz \z ^mt) -rffis&Tiissffiffl tf 

[0 2 0 7] ^^JS2 3g5«®^?8ICj:n«. Z(D^m 

ifyt^mmmisaj:mzmstvu—^iiaT.^nf3i^i: 5 ic 

UfcOT, «3teU>>C;feU®#«lcfffi*;5:«|j*-CW— y 
[iaM®ffim;a:l%Bj] 

[B 1 ] ^<o%m<omtSi<Dmm 1 (cj:s5^^i^£B& 

[02] x-y H'f >X5'i'XJt7r-1'A'|^T?© 

i^- ift;-A©e»«iR**-ritt?g0-c*«, 

A<Dw m (M^.,) sj8!i:£b/5:Si»ite*s*-riJiwia 

Tab -5. 

[04] :i©fS^©^ig®}^ffi2ic<l:^3^^^S% 

[0 5] c(D^m<omt^o>mm3\z^^yt(R^mm& 
^■r«^0T*«. 

[0 6] ;i©^M©^iB©}gfiB4lc±SJt€oaiilB« 

^■r«*S0T*«>. 

[0 7] ::<o9tm<omm<Dmm5tzi:^^^Bsmm^ 

[08] d®%?gfflll;te©}^a86{c^s^eji^BS 
*-r«^0-r*5. 

[09] c:©5fiW©5lig©J^ffi7JcJ:«3te2l«fi* 
^■r«f£0T?*-5. 

[010] d ©SSig©SliS® ^fiB 8 tc<fc ^^eSISB 

**-r«)«0-efes. 

[011] z.(o^v^<omm<omm 9 icj:«3cej£SB 

Sr*-r«*£0-T?*«.. 

[012] zL<D^m<omm<omm 1 0 

[013] d®^ig©siis©}gfl8 1 1 iz^i>j^{Rmm 

B?£S%f^^0Tfe-5. 

[014] z-oiWRommomiA 1 2 ick^^^iiis 

B£*-ri8^0-c?*S. 
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[018] i'U-xy H'f >x.y:^:^>t77-f AJC*3 

[019] co^ggroSIJficDJgSS 1 6 ick^jteiais 

[02 0] ::ffl»M©SjJfi©}gS81 7CJ;5a#:W- 

[021] c:®5!?^©|liSoj^a8 1 8 t J:-5@«:W- 

[02 2] c:©^?g©IIJfi©Jgffi 1 9 tC J:-5Hfl:U- 

ifiie<&^-r«i^07?*«. 

[023] z:<D%momm<omm 2 0 c-fc-ssffw- 

[0 2 4] c(o%mommomm2 i\z^:s>@»u- 
ifSBs^-r«i^0Ta5^. 

[02 5] ^<o%m<omm<omm2 2iz^^&i^u- 

■!fgBS^-r«^0T$.2.. 
[02 6] C©^?B©lliS©}eS82 SICiSH^^W- 

ifge«*-r«i)iS0-cife^, 

[02 7] 026 iZ7^-rmm<omWi 2 a tc*3it-5 ai* 

lf-AttH»lf-A©M2 Mt©M«SS^ria?^0T* 
•5. 

[02 8] C©5!?B©SIJS©}gS82 4l::J:5@ft:l'- 

■tfiig5^-ri8fi£0-T?*^.. 

[02 9] C©5!l«®*JS®Jg!i2 5ICJ:SH#:P— 
if SB**-r«)S0-e» S. 

[03 0] C©f6Bjro^Jg®Jgj|2 6fC±S@«:W- 
■»fgBS*T«lS0t?*^.. 



[031] c<o^m<omti<omm2 7 \zjzi> u-iFna 
is®*^-r«^0t?*'5. 

[03 2] c(D%m(Dmm<r>mm2 8\zj:^u-ifm 

XigB*^tHlflt0T*«. 
[0 3 3] C©^?gfflSIJS©Jgffi2 9»CJ:«U— tfllD 

xsB**-r«^0T*s. 

[034] Jl©5!M©lllfi©J^S83 0ICJ:«U— IflHI 

xg®&*-r«i^0-e*s. 

[03 5] t¥3|5©)te)iSBS'*-r«^0T*S. 
[0 3 6] l^-- tff-A©«^tt©}tgM2 S^-ritt 
W0-C»5. 

[03 7] ^7T'fn'^©A«ftttai*ftt©M«* 
^■riftM0T*s. 
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X . 7 0 U-— y fcf-A, 8 3 if\^- 
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^fdse mwi^m . los sis5)-sit^7-^f6s 

B mWi^WO .10 7 *3tl/>X^»SB 
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